Supplementary Information

Linearly arranged polytypic CZTSSe nanocrystals
. EDS data of all samples synthesized at different reaction temperatures. To remove the capping ligands, we deposited nanocrystals on carbon supported Cu grids and annealed the grids under vacuum at 250 o C for 0.5 h. We can find that the Zn:Sn:S molar ratios of the same batch sample collected on nylon grids and Cu grids are almost unchanged, indicating that sulfur signal raised from 1-dodecanethiol are not noticeable to affect the accuracy of sulfur quantification. Unexpectedly, we find Se molar ratios decrease after heating treatment.
Sample Table S3 . Table S4 . (Fig. S2) , indicating the major content of CCTSSe nanocrystals is CCTSe. CCTSe also have many possible polymorphs as CZTSe and CZTS (Table S1 and Fig. S13 ).
1 Unlike polytypic CZTSSe, the observable weak diffraction around 22 o indicates Cu, Cd, and Sn are ordered or at least partially ordered, thus we propose that the synthesized CCTSSe nanocrystals have the wurtzite-stannite and stannite matrix (Fig. S11 ). TEM and HRTEM images represented show that most of nanocrystals represent rugby-like morphologies as CZTSSe and can be also divided into three distinct crystalline domains. The crystalline structures of two ends and the central part are ZB-and WZ-derive structures, respectively. It is interesting to find that some of polytypic CCTSSe nanocrystals represent bullet-like morphology, indicating ZB-derived phase can only epitaxially grow on one side of WZ discs. Due to a lower yield of ZB-/WZ-/ZB-derived CZTSSe nanocrystals than CZTSSe nanocrsytals, a fine phase composition adjustment in polytypic CCTSSe nanocrystals keeping the phase distribution and chemical composition almost unchanged is not available at present stage. Further optimization experiments for better controls over the distribution of two phases in single polytypic CCTSSe nanocrystals are ongoing. 
